Background: The current objective is to evaluate the effect of frankincense oil on the convulsions and the associated neurochemical alterations produced in pilocarpine-induced status epilepticus rat model. Methods: Rats were divided randomly into: control, status epilepticus rat model and rat model of status epilepticus pretreated with frankincense oil daily for 5 days before pilocarpine treatment. On the fifth day, after pilocarpine injection, rats were observed to evaluate the severity of seizures for 2 h. The oxidative stress parameters malondialdehyde, reduced glutathione and nitric oxide, the proinflammatory cytokines interleukin-6 and interleukin-1β and acetylcholinesterase were determined in the cortex, hippocampus and striatum. Dopamine, norepinephrine and serotonin were measured in the cortex and striatum. Results: The status epilepticus model exhibited repetitive seizures in the form of generalized tonic-clonic convulsions after 30 min. of pilocarpine injection. This was associated with a significant increase in the levels of malondialdehyde and nitric oxide and a significant decrease in reduced glutathione in the three regions. A significant increase was also observed in interleukin-1β, interleukin-6 and acetylcholinesterase. In the cortex and striatum, a significant decrease was recorded in monoamine levels. Pretreatment of rat model of status epilepticus with frankincense oil decreased the severity of seizures that appeared in the form of tremors and facial automatisms and prevented the increase in malondialdehyde, nitric oxide, interleukin-1β, interleukin-6 and acetylcholinesterase and the decrease in reduced glutathione induced by pilocarpine in the studied brain regions. Frankincense oil failed to restore the decreased level of cortical serotonin and dopamine. In the striatum, frankincense oil improved the levels of serotonin and norepinephrine but failed to restore the decreased dopamine levels. Conclusion: It is clear from the present results that frankincense oil reduced the severity of seizures induced by pilocarpine. This could be mediated by its potent antioxidant and anti-inflammatory effects.
Introduction
Status epilepticus (SE) is a neurological emergency that represents the second most recurrent lifethreatening crisis after stroke. Its incidence is between 12 and 40 per 100,000 persons annually. Higher numbers are observed in children and elderly, generating a 'U-shaped' curve [1, 2] . It is defined as repetitive or ongoing seizures lasting for about 5 min with no recovery of baseline clinical conditions in between [3] . SE may be induced by various neurological disorders, including stroke, brain trauma, brain infection and brain tumor [4] . Several neurochemical changes have been detected during SE. Oxidative stress is implicated in SE [5, 6] and the reactive oxygen species produced during SE have been considered to play a role in the mechanisms leading to glutamatergic excitotoxicity in vitro [7] and in vivo [8] . Oxidative stress may result in damage to DNA, proteins and lipids leading eventually to neuronal injury, gliosis and cognitive impairment [6, 9] . In addition, both clinical studies and experimental models provided evidence implicating inflammatory cytokines in the induction and propagation of seizures either directly or indirectly [10] . It has been reported that interleukin-1 beta (IL-1β) could initiate and aggravate seizure activity in epileptic experimental animal models [11, 12] . On the other hand, seizures promote the expression of IL-1β and the mRNA of both IL-1β and IL-1Ra [13] . It has been reported that (interleukin-6) IL-6 mRNA is induced rapidly in the hippocampus, cortex, dentate gyrus, amygdala and meninges after seizures, but upregulation of IL-6-receptor mRNA was confined to the hippocampus [14, 15] . In experimentally-induced SE rodent models using electrical stimulation, bicuculline methiodide or kainic acid, IL-6 mRNA and IL-6 protein showed a transient increase in glial cells which was prominent 6 h after SE [13] .
Seizure activity induced a variety of local biochemical alterations affecting several neurotransmitters (adenosine, dopamine (DA), norepinephrine (NE), serotonin (5-HT), gamma-aminobutyric acid (GABA), and glutamate) [16] [17] [18] [19] and the densities of muscarinic (M 1 + M 2 ) and dopaminergic (D 2 ) receptors in the striatum and hippocampus [20] .
The role of acetylcholine (ACh) and DA in seizures is unclear. It has been suggested that ACh could activate limbic seizures while other neurotransmitter systems could be related to epileptogenesis [21] .
Frankincense is an aromatic resin obtained from species of the Burseraceae family [22] . Previous studies described the neuroprotective, antioxidant, anti-inflammatory and anti-apoptotic properties of Boswellia serrata or its active constituents against various neurological disorders. Jalili et al. [23] reported that aqueous extract of Boswellia serrata produced a marked increase in the number of neuronal processes in the hippocampal CA1 region and improved passive-avoidance learning in pentylenetetrazolkindled rats. In addition, Moein et al. [24] suggested that Boswellia serrata might improve cognitive function in patients with diffuse axonal injury.
Although extensive efforts have been carried out to find a successful treatment for SE, 30% of epileptic patients suffer from uncontrolled seizures [25] . Thus, SE needs immediate intervention to prevent its harm and mortality [26] .
Therefore, the present study aims to evaluate the anticonvulsant effect of frankincense oil using rat model of SE induced by pilocarpine. This was carried out by investigating the effect of frankincense oil on the seizures and associated neurochemical changes; oxidative stress, neuroinflammation and monoamine levels, induced in the cortex, hippocampus and striatum by SE.
Materials and methods

Animals
Thirty male Wistar albino rats obtained from the Experimental Animal Centre (National Research Centre), weighing 160-180 g, were used in the present study. All animals were housed in stainless steel cages with ad libitum access to standard laboratory rodent chow and tap water. They were placed in a temperature-controlled (20-25°C) and artificially illuminated (12 h dark/light cycle) room free of any chemical contamination. Animal procedures were approved by the Ethics Committee of the National Research Centre and were performed in compliance with the recommendations of the National Institutes of Health Guide for Care and Use of Laboratory Animals (publication no. 85-23, revised 1985) .
Chemical and drugs
Pilocarpine chloride was obtained from Sigma. It was dissolved in saline. Atropine sulfate was obtained from Boehringer Ingelheim (Germany). Frankincense oil of Boswellia serrata was purchased from Harraz Herbal Drugstore in Cairo, Egypt.
Gas chromatography/ mass spectrometry (GC/MS) analysis
The GC/MS analysis of the oil was carried out using Shimadzu GC-MS, Model QP-2010 Ultra, equipped with head space AOC-5000 auto injector and a Rtx-5 MS fused-silica column of 30 m in length, 0.25 mm ID, 0.25 μm film thickness (cross bond 5% diphenyl/95% dimethyl polysiloxane) with helium as carrier gas at a flow rate of 0.99 ml/min. The gas chromatograph was coupled to a QP2010 ultra mass spectrometer (MS) detector. The sample was injected in 5 μl volume in splitless mode. The temperature was programmed initially at 40°C for 2 min, and then increased with a rate of 5°C/ min up to 210°C. Bioactive compounds of frankincense oil were identified according to the GC retention time on HP-MS column and matching of the spectra with computer software data of standards. The spectrum of the unknown compound was compared with the spectrum of the known compounds.
Experimental model
Animals were divided randomly into three groups (10 rats each). Control group received a daily intraperitoneal injection of saline for 5 consecutive days. The second group represents the rat model of status epilepticus (SE) in which rats received a daily oral administration of saline for five days before the induction of SE by the intraperitoneal injection (i.p.) of a single dose of pilocarpine (300 mg/kg) according to Turski et al. [27] . Atropine sulfate was injected subcutaneously at a dose of 5 mg/kg, 30 min after the last saline administration before the induction of SE, to prevent peripheral muscarinic stimulation [28] . After about 30 min of pilocarpine injection, the animals became hypoactive and then displayed orofacial movements, salivation, eye-blinking, twitching of vibrissae, and yawning; generalized convulsions and limbic SE developed about 40-60 min after the injection [29] . The animals of the third group received a daily oral administration of frankincense oil (1000 mg/kg) by gavage [30] for five consecutive days prior to atropine and pilocarpine administration. The rats of the third group showed normal activity and did not exhibit any convulsions or limbic seizures. In addition, the oro-facial movements, salivation, eye-blinking, twitching of vibrissae, and yawning decreased greatly.
Preparation of samples
After 2 h of pilocarpine injection, all animals were sacrificed by sudden decapitation. The brain of each rat was removed quickly and transferred rapidly to an ice-cold Petri dish where it was divided into two halves right and left. Each half was dissected to obtain cortex, striatum and hippocampus. Each brain area was weighed and frozen at − 80°C until analyzed. The hippocampus and the right half of each cortex and striatum were homogenized in Tris-HCl buffer (pH 7.4) and used for the determination of oxidative stress parameters, acetylcholinesterase, IL-1β and IL-6. The left half of each cortex and striatum was homogenized in an ice-cold solution of acidified nbutanol and used for monoamines analysis.
Determination of lipid peroxidation
Lipid peroxidation was assayed by measuring the levels of malondialdehyde (MDA) in the brain tissues. MDA was determined by measuring thiobarbituric reactive species using the method of Ruiz-Larrea et al. [31] in which the thiobarbituric acid reactive substances react with thiobarbituric acid to produce a pink colored complex whose absorbance is read at 532 nm.
Determination of nitric oxide
Nitric oxide (NO) was determined spectrophotometrically in the brain tissue according to the method described by Montgomery and Dymock [32] . This method depends on the measurement of endogenous nitrite concentration as an indicator of nitric oxide production. The resulting azo dye has a bright reddish-purple color whose absorbance is read at 540 nm.
Determination of reduced glutathione
The assay of reduced glutathione (GSH) levels was performed according to the spectrophotometric method of Beutler et al. [33] . It depends on the reduction of 5,5′ dithiobis-2-nitrobenzoic acid (DTNB) with glutathione to produce a yellow compound, the absorbance of which is measured at 412 nm. The reduced chromogen is directly proportional to GSH concentration. Total GSH content was expressed in mmol/g brain tissue.
Determination of interleukin-1β
Interleukin-1β (IL-1β) was measured in selected brain areas using rat ELISA Kit supplied by Glory Science Co., Ltd. (USA). The developed color was read at 450 nm using a microtiter plate reader. The concentration was then calculated from a standard curve. The concentration of IL-1β was expressed in pg/g brain tissue.
Determination of Interleukin-6
Estimation of Interleukin-6 (IL-6) levels in the cortex, hippocampus and striatum was carried out using rat ELISA Kit obtained from Glory Science Co., Ltd. (USA). The developed color was read at 450 nm. The concentration of IL-6 was expressed in pg/g of brain tissue.
Determination of acetylcholinesterase activity
The procedure used for the determination of acetylcholinesterase (AchE) activity in selected brain areas was a modification of the method of Ellman et al. [34] as described by Gorun et al. [35] . The principle of the method is the measurement of the thiocholine produced as acetylthiocholine is hydrolyzed. The color was read immediately at 412 nm. The results were expressed as μmol SH/min/g brain tissue.
Determination of monoamines concentrations
The quantitative determination of serotonin (5-HT), norepinephrine (NE) and dopamine (DA) levels in the cortex and striatum was carried out according to the method of Ciarlone [36] using a spectrofluorometer (Jasco FP-6500, JASCO Ltd., Tokyo, Japan) with a source of xenon arc lamp 150 W (excitation slit band width of excitation monochromator: 5 nm, and emission slit band width of emission monochromator: 5 nm).
Statistical analysis
All results were expressed as means ± S.E.M. Statistical differences between the groups under investigation were tested by one-way analysis of variance (ANOVA) followed by Duncan as post hoc test. The difference was considered significant at p-value ≤ 0.05. Statistical Package for Social Sciences (SPSS) software (version 16) was used for all statistical comparisons.
Results
Results of GC/MS analysis
Gas chromatography mass spectrometric (GC/MC) analysis showed that the main components of frankincense oil were octyl acetate (67.44%), thymol (16.69%), octanol (10.1%) and carvone (2.96%). In addition, other constituents of low percentage have been detected such as hexyl caproate (0.75%), heptanoic acid octyl ester (0.49%), lauryl acetate (0.46%), 1,8-cineole (0.33%) and cymene (32%). This was in agreement with Al-Yasiry and Kiczorowska who demonstrated that the major constituent of frankincense oil was octyl acetate [37] (Table 1 , Fig. 1 ).
Oxidative stress parameters
As illustrated in Table 2 , induction of SE by pilocarpine injection significantly increased the levels of MDA (+ 42.34%, + 578.66% and + 138.51%) and NO (+ 25%, + 100% and + 138.51%) in the cortex, hippocampus and striatum, respectively, as compared to control group. This was associated with a significant decrease in GSH levels in the cortex, hippocampus and striatum recording − 14.38%, − 16.43% and − 13.83%, respectively, below the control values. Protection of SE rats with frankincense oil succeeded in normalizing the levels of MDA, NO and GSH in the selected brain areas.
Interleukin-1β (IL-1β) and IL-6
As shown in Fig. 2 , SE rat model demonstrated a significant increase in the cortical, hippocampal and striatal IL-1β (+ 22.84%, + 50% and + 41.18%, respectively) and IL-6 (+ 20.69%, + 18.42 and + 22.73%, respectively) levels above the control values. The protection of rat model with frankincense oil prevented the increase in IL-1β and IL-6 levels in the cortex, hippocampus and striatum.
Acetylcholinesterase activity
Acetylcholinesterase (AchE) activity increased significantly in the cortex, hippocampus and striatum of SE-induced rats recording + 106.17%, + 63.20% and + 41.51%, respectively, above the control values. The increased striatal AchE activity was improved in frankincense oil-protected group. Also, protection with frankincense oil prevented the increase in AchE activity induced by pilocarpine injection in the cortex and hippocampus of SE rat model ( Fig. 3 ).
Monoamine neurotransmitters
In rat model of SE, cortical 5-HT and DA levels decreased significantly by 19.44% and 23.20%, respectively, below the control value. However, cortical NE did not show any significant change as compared to control. Protection with frankincense oil improved the significant decrease in cortical DA (− 15.47%) induced by pilocarpine injection without preventing the decrease recorded in cortical 5-HT. However, the percentage difference from the control of cortical 5-HT was improved from − 19.44% to − 14.12% (Table 3) .
Moreover, statistical analysis revealed a significant decrease in striatal 5-HT (− 34.48%), NE (− 29.17%) and DA (− 19.32%) levels in SE rat model below the control values. The protection of SE rat model with frankincense oil prevented the recorded decrease in striatal 5-HT and NE levels but failed to prevent the significant decrease in striatal DA recording − 23.78% as compared to control values (Table 3 ).
Discussion
The present study was carried out to investigate the anticonvulsant effect of frankincense oil in SE rat model induced by pilocarpine. In the present study, a state of repetitive tonic-clonic convulsions was observed after 30 min of pilocarpine injection and persisted till rats were sacrificed. This behavior, which reflects a state of cerebral hyperexcitability, was associated with a state of oxidative stress in the cortex, hippocampus and striatum. This was clear from the significantly increased levels of lipid peroxidation and nitric oxide and the decreased level of reduced glutathione in the three studied brain regions.
It has been reported that oxidative stress may contribute to the development of seizures [38] . On the other hand, it has been reported that recurrent seizures increase the reactive oxygen species (ROS) in the brain inducing oxidative stress. This is considered one of the mechanisms that could independently contribute to the disease progression leading eventually to neuronal injury [39] .
Oxidative stress is particularly accelerated in the brain due to the abundance of oxidizable lipids and metals, and shortage of antioxidant mechanisms than other tissues [40] . Another factor that could exacerbate the oxidative stress is the high metabolic rate of the brain that increases during seizures [41] . This makes the cerebral blood flow and oxygen supply insufficient to fulfill the tissue needs during the exacerbated metabolic rate [42] .
Lipid peroxidation represents an indicator of irreversible neuronal damage and has been implicated as a possible mechanism underlying epileptogenesis [29] . During SE, excessive release and accumulation of the excitatory [43] . This phenomenon is known as excitotoxicity [44] . The generated free radicals can attack phospholipids in cell membrane resulting in increased lipid peroxidation levels [45] . Therefore, the increase in lipid peroxidation in the cortex, hippocampus and striatum recorded in the present study could be ascribed to the excitotoxicity induced by enhanced excitatory neurotransmission. The present increase in NO levels in the three studied brain regions by pilocarpine may be due to the stimulation of nitric oxide synthase by the massive influx of calcium as a consequence of excitotoxicity. The increased level of NO may interact with singlet oxygen and produce the most reactive and damaging molecule peroxynitrite. This explanation is supported by the studies of Gupta and Dettbarn [46] and Kato et al. [47] who found that NO formation increased during seizures due to the Ca 2+ -dependent enhancement of endothelial (eNOS) and neuronal (nNOS) NO synthases, as reported after kainic acid-and pentylenetetrazole-induced seizures. In addition, alteration in nitric oxide metabolism, and increase in its metabolites (nitrite and nitrate) have been observed after pilocarpine-induced seizures. NO metabolites may interact with glutamate receptors and stimulate the central nervous system [48, 49] . On the other hand, the increase in NO may play a role in increasing the blood flow to supply the brain with the increased requirements from glucose and oxygen during the increased metabolic rate [50] .
Reduced glutathione (GSH) is a free radical scavenging agent. The present depletion of GSH in the cortex, hippocampus and striatum may be due to the produced free radicals during SE.
It is evident from the present study that oxidative stress may be a causative factor or resultant of SE. Therefore, antioxidants may play a crucial role in breaking this vicious cycle.
The present recorded increases in the levels of the pro-inflammatory cytokines IL-1β and IL-6 in the cortex, hippocampus and striatum represent an indicator of the induced neuroinflammation during SE. Different degrees of inflammation have been reported to accompany the various risk factors that induce epilepsy such as tumors, traumas, and infections in the brain, and are associated with recurrent seizures [51] . Similarly, it has been proposed that inflammatory mediators participate in the development of seizures [52] . Thus, it may be possible to Fig. 2 The Effect of daily protection with frankincense oil (1000 mg/kg/day for 5 days) on the levels of Interleukin-1β (IL-1β) and Interleukin-6 (IL-6) in the cortex, hippocampus and striatum in rat model of status epilepticus (SE).
Control Rat model of SE. Oil protected group. Statistically significant means (p-value < 0.05) are given different letters and same letters indicate non significant changes control seizures by altering inflammatory mediator signaling in the brain [53] .
The present increase in IL-1β and IL-6 could be attributed to the activation of microglia and astrocytes that release large amounts of pro-inflammatory mediators inducing neuroinflammation through a variety of signaling pathways. IL-1β directly modulates ion channels, enhancing NMDA and AMPA receptors [54, 55] and reducing the effectiveness of gammaaminobutyric acid type A (GABA-A) receptors [56] , which can change the excitability of neurons. The inflammation can enhance excitability through sprouting, neurogenesis and neuronal damage, leading eventually to SE [57] .
Acetylcholine (Ach) is the second most prevalent excitatory neurotransmitter (after glutamate) in the brain. It has been found that ACh content increased in the cortex and hippocampus during SE with increased ACh efflux into the cortical cup [58, 59] . Therefore, the present increase in AchE activity in the studied brain regions of rat model of SE may be a compensatory mechanism to slow down the hypercholinergic activity, as AchE acts to breakdown Ach to terminate its effect at its receptors.
Dopamine [60] , NE [61] , 5-HT [62] and histamine [63] were all shown to stop seizure activity. Another proof for the involvement of monoamines in epileptogenesis is the evidence that bipolar disorders, depression, and other Fig. 3 The Effect of daily protection with frankincense oil (1000 mg/kg/day for 5 days) on the activity of acetylcholinesterase (AchE) in the cortex, hippocampus and striatum in rat model of status epilepticus (SE).
Control Rat model of SE. Oil protected group. Statistically significant means (p-value < 0.05) are given different letters and same letters indicate non significant changes Table 3 The Effect of daily pretreatment with frankincense oil (1000 mg/kg/day for 5 days) on the levels of serotonin (5-HT), norepinephrine (NE) and dopamine (DA) in the cortex and striatum in rat model of SE [17] . Accordingly, the present decrease in DA and 5-HT in the cortex and striatum of SE rat model not only explains the depressive disorder associated with epilepsy but may also have a role in the pathogenesis of convulsions induced by pilocarpine. Moreover, the present decrease in monoamine may be due to their oxidative catabolism which represents one of the sources of free radical production. Spontaneous oxidation of monoamines, particularly DA and NE in the cytoplasm may lead to the damage of cellular structures [64] . This may in part explain the oxidative stress induced during SE. The role of ascending dopaminergic fibers from substantia nigra pars compacta to the striatum in controlling cholinergic activity by reducing Ach release is well established [65] . The depletion of DA prevents Ach release autoinhibition mediated by muscarinic autoreceptors, and this leads to excessive Ach release eventually reducing spines of the indirect pathway projection neurons in the striatum and disrupting information coming from motor control centers in the cerebral cortex [66] . Therefore, the striatal hypercholinergic activity could be mediated by the decreased level of DA. This in turn may explain the increase in motor activity in SE.
The present pretreatment of rat model of SE with frankincense oil for 5 days resulted in a reduction in the severity of seizures that occurred after 30 min of pilocarpine injection. Seizures appeared in the form of tremors and facial automatisms. However, frankincense oil failed to dampen the seizures completely or reduce their frequency.
The present findings showed that frankincense oil prevented the increase in lipid peroxidation and NO levels and the decrease in GSH level induced by pilcarpine in the studied brain regions. In addition, the oil ameliorated the increased levels of IL-1β and IL-6.
It is obvious from the present data that frankincense oil possesses powerful antioxidant and anti-inflammatory effects. The present GC/MC analysis indicates that the oil contains a high percentage of active ingredients such as octyl acetate, thymol, carvacrol and octanol in addition to other components of low percentage.
It has been reported that the antioxidant activity of frankincense oil could be attributed to its content of esters such as octyl acetate [67] . On the other hand, several studies demonstrated the antioxidant activity of essential oils containing thymol [68, 69] . It has been suggested that thymol has an effective free radical scavenging activity which mediates its neuroprotective effect in cortical neurons [70, 71] . The antioxidant activity of thymol is attributed to the pharmacophore of the thymol phenolic hydroxyl group present in its chemical structure. The compounds characterized by the presence of phenolic groups are known to provide protection against the adverse effects of free radicals both by absorption or neutralization of free radicals and by augmentation of endogenous antioxidants [72] .
Another mechanism by which thymol could exert its anti-seizure effect is its ability to block neuronal Na + channels [73] and modulate GABA-A receptors, leading to increased flux of chloride ions into neurons [70] . Thymol also increases chloride channel activity found in oocyte and cell lines that express GABA-A receptor subunits [74] . In another study, thymol exhibited significant anticonvulsant and antiepileptogenic actions as evident from the significant decrease in seizure score and malondialdehyde levels, and increase in glutathione in pentylenetetrazole-induced kindling model [75] .
The anti-inflammatory effect of thymol [76] may underlie the anti-inflammatory effect of frankincense oil in the studied brain regions. It has been reported that thymol treatment significantly reduced the release and activation of proinflammatory cytokines as evident from their reduced levels in brain tissues of rats challenged with rotenone. In addition, thymol treatment resulted in a significant decrease in the number of activated astrocytes and microglia in the striatum of rotenoneinjected animals [77] . Thus, the present reduced level of NO induced by frankincense oil in SE rats may be explained by the reduction in the number of activated glial cells, which express inducible nitric oxide synthase (iNOS) [78] .
The second important component in frankincense oil that may ameliorate the neurochemical changes induced by pilocarine is carvacrol. Carvacrol possesses potent antioxidant properties [79] . The study conducted by Khalil et al. demonstrated that carvacrol prevented the early recurrence of SE, SE-induced neuronal damage and cognitive dysfunction by inhibiting transient receptor potential cation channel, subfamily M, member 7 (TRPM7) channels [80] . Several studies have revealed that carvacrol possesses anti-inflammatory properties [81, 82] , which depend on its ability to decrease the generation of inflammatory mediators, as IL-1β and prostanoids [83] .
It has been reported that thymol and carvacrol could be used as inhibitors of acetylcholinesterase (AchE) [84] . It is interesting that carvacrol was 10 times more potent than its isomer thymol in AchE inhibitory effect [85] . Therefore, the present inhibitory effect of frankincense oil on the increased AchE activity induced by pilocarpine may be mediated by carvacrol and thymol. Unfortunately, this may activate the cholinergic activity which may explain the inability of frankincense oil to prevent seizures in the present study.
Another component in frankincense oil that could play a role in ameliorating the changes induced by SE is octanol. It was shown that octanol reduced seizure induction and seizure discharges when it was applied directly onto the epileptic focus found in the somatosensory cortex [86] . Moreover, the intracerebroventricular (icv) administration of octanol induced a significant decrease in the amplitude and frequency of epileptiform spikes, and the epileptic behavioral score resulting from icv penicillin administration [87] .
The present findings showed that frankincense oil failed to restore the decrease in cortical 5-HT and DA induced by pilocarpine. However, in the striatum, it restored 5-HT and NE to non significant changes as compared to control. These data indicate that the effect of frankincense oil on monoamine neurotransmitters was area-specific. The decreased striatal DA level induced by frankincense oil may be beneficial in reducing the hypercholinergic activity in this brain region. In the striatum, the ascending nigrostriatal dopaminergic pathway acts to control cholinergic activity which is responsible for many of the motor disorders such as tremors and stereotyped movements characterizing seizures [20] . In addition, the decrease in DA levels may be a compensatory mechanism for the hypercholinergic activity arising from the reduced AchE activity induced by frankincense oil.
The other ingredients that have been detected in frankincense oil in low percentage include cymene which has an antioxidant activity in vivo and may be used as a neuroprotective agent in the brain [88] . In addition, 1,8-ceneole has a stimulating effect on cognitive function and memory [89] .
Conclusion
The present data demonstrate that frankincense oil is rich in active ingredients which exhibit potent antioxidant, anti-inflammatory, anti-seizure and partial anti-depressant effects. Thus, it could ameliorate the neurochemical changes induced during SE and halt epileptogenesis.
